Carbachol activates a novel sodium current in isolated guinea pig ventricular myocytes via M2 muscarinic receptors.
Carbachol induces a novel tetrodotoxin-resistant Na+ current in guinea pig ventricular myocytes bathed in Tyrode's solution with 20 mM Cs+. This action of carbachol, which initiates a series of reactions that culminates in a catecholamine-independent positive inotropic effect, occurs through muscarinic rather than nicotinic cholinoceptive sites. The concentrations of muscarinic antagonists required to suppress the carbachol-induced current by 50% were 2.1 nM, 270 nM, and 1700 nM for atropine, AF-DX 116, and pirenzepine, respectively. These results indicate that an M2-selective antagonist, AF-DX 116, is more potent than an M1-selective antagonist, pirenzepine, as an inhibitor. The M1-selective agonist McN-A-343 did not induce an inward current and blocked that caused by carbachol, in a rapid and reversible manner. This finding is also consistent with the conclusion that the muscarinic receptor involved in the regulation of myocardial Na+ channels by carbachol cannot be distinguished from the M2 subtype of such receptors. Treatment with pertussis toxin did not affect the ability of carbachol to induce an inward current in ventricular myocytes and reversed the current activated by carbachol in atrial cells from outward to inward. The electrophysiological and pharmacological nature of the carbachol-induced current in ventricular myocytes is very similar to that of the acetylcholine-induced current in Xenopus oocytes transfected with porcine M2, but not M1, muscarinic receptors. In both preparations, Na+ is the dominant charge carrier, intracellular Ca2+ is not involved in opening the Na+ channel, and an M2 receptor is involved.